Abstract. The unburned earth is a building material with long history of use. Buildings made of unburned clay are all over the world. But at present, unburned earth is minority building material and its properties are not sufficiently investigated. The rammed earth is one of main kind of unburned earth. This paper is focused on drying rate of the rammed earth of known composition. The significant part of the paper is focused on principle of our own research and the main idea of our research is explained here. The second part of the paper is devoted to drying rate experiment and measured results from this experiment. Determination of drying time of universal rammed earth walls is the main result of the experiment.
Introduction
Importance of the unburned earth in construction industry is minor, but there are a few reasons why the research of this building material is important. Recently, there has been a growing interest in unburned earth which has resulted in a number of scientific articles on this topic. The growing interest in this historic building material is evident in construction industry too (see Fig. 1 ). I can see in my practice of civil engineer that more and more people choose the unburned earth for build of their houses. The growing interest is the first reason why carry out research in the unburned earth (see Fig. 2 ) [1, 2] . The second reason is a need for reconstruction of historic buildings. There are many earth buildings in the world and in the Czech Republic that need reconstruction. It is very important to have the knowledges of unburned earth properties for correct reconstruction of this buildings [3] [4] [5] [6] [7] .
Third, an earth building is a good way for sustain- able development in the construction industry. The energy needed for production of the unburned clay is minimal and the energy for demolition of the earth construction is small, because earth waste can be completely recycled and earth waste does not need to be stored in a waste dump. A good indicator is primary energy investment (PEI). PEI is an energy used during live cycle of building materials [8] [9] [10] [11] .
The primary complication about the properties of the unburned earth is in composition of the earth. The properties depend on composition of the earth and the composition of earth can be very variable. Currently, a design of load bearing structures from rammed earth needs a lot of civil engineer's experiences because norms or methodology does not exist for the design of unburned earth constructions in the Czech Republic. The reliable methodology is very important for easier design of the earth buildings. That are reasons why is necessary to carry out the research focused on the composition of earth mixture and prop- erties of the final earth structures. The reliable dates from the research should be used for the creation of the methodology [3, 12, 13] .
The earth constructions can be produced of the earth mixture without or with inorganic binder. The inorganic binder can improve water resistance of unburned earth. But the inorganic binders are not necessary for the earth constructions. There are old historic buildings and there are researches which proved that unburned earth can be sufficiently resistant against the moisture. The important reason for using unburned earth without the inorganic binders is environment and the sustainable development. The unburned earth with inorganic binder is not possible to recycle easily. This are the reasons why our research is focused on the properties of unburned earth without additives [3, 8, [14] [15] [16] .
The earth construction can be produced from the earth mixture in several ways. The elementary type of the earth construction is the rammed earth. This paper is focused on the rammed earth. The principle of rammed earth technology is pressing down layers of the earth mixture to a formwork (see Fig. 3 ). The rammed earth walls are usually used like load-bearing structures. That is the reason why the mechanical properties and information about drying rate are very important [3, 13, 17] .
The main topic of this paper is the drying rate and drying time. Information about the drying rate and drying time are important, because the drying is the main way how the unburned earth gains its final mechanical properties. The rammed earth construction are usually load-bearing types and it is necessary to know when the rammed earth construction is possible to load.
The Idea of Our Research
As stated in the introduction, the norm or relevant instructions about the earth building designing are not available in the Czech Republic. The quality research about the unburned earth have to be realized for creating of this instructions. It is necessary to analyse unburned earth properties in dependence on its composition. This is the reason why we investigate
Mark of clay Kind of clay

GEM montmorillonite
AGL illite KR illite-kaolinite Table 1 . Three basic kinds of clay. the behaviour and properties of the rammed earth from earth mixtures of different composition. The test earth mixtures are produced in our laboratory from the three elementary components (clay, sand, water). Clay fulfils a function of a binder, sand fulfils a function of a filling agent and water serves for an activation of clay bonding properties and for good earth mixture processing. The composition of the earth mixtures differ in kind of clay, amount of clay or amount of mix water. The amount of water is defined by the water coefficient (see Equation 1 ). Three elemental kinds of clay were used (see Table 1 ). The summary of the earth mixture which have been made can be seen in Table 2 .
Determination of dependence between the rammed earth properties and the rammed earth composition is our goal. Up to now, we have produced 19 types of the earth mixtures and analysed their properties. We focused particularly on the tensile bending strength, the compressive strength, Young's modulus, moisture's properties, methylene blue test, shrinkage, creeping and drying rate.
We used the test bodies of block shape of size 2/2/10 cm and 4/4/16 cm for majority experiments (see Fig. 4 ). We used the test bodies of prism shape with octahedron base and height of 7 cm for measurement of creeping and shrinkage (see Fig. 5 aluminium moulds for measurement of drying rate (see Fig 6) .
The Production of the Test Bodies
The earth mixture is produced from three elemental components (clay, sand, water). The clay is fine powder form (see Fig. 7 ). Size of sand grain is to 4 mm. The grain curve of the sand can be seen in the Figure 8 . The water was used from a water supply line. The three components were mixed and processed into the earth mixture. The earth mixture was pressed down to the moulds (see Fig. 9 ). The test bodies for mechanical properties experiments and moisture's properties experiments were demoulded a few minutes after production and inserted to an air-conditioning chamber. The test bodies for drying rate experiments were left in the moulds and inserted to the air-conditioning chamber. The test bodies were left in the air-conditioning chamber until equilibrium moisture content was reached. Relative atmospheric humidity in the air-conditioning chamber was 50 % and temperature was 20 o C. 
The Measure of The Drying rate
The test bodies in the Figure 6 were used for the measurement of the drying rate. The earth mixture was pressed down to to the moulds of four sizes. Unidirectional moisture flow of moisture was provided in the test bodies because the test bodies could dry out only by two opposite surfaces. The size of surface for dry out of the test bodies was square shaped of 53 mm long side. The height of the test bodies (moulds) were 5 cm, 6 cm, 7 cm and 8 cm (see Fig. 10 ). The test bodies in the moulds were inserted to the air-conditioning chamber and regularly weighed. Weight decrease of the test bodies was monitored. The moisture content was calculated from the weight of the test bodies by the Equation 2. Research was focused on the dependence of the drying rate on the thickness of the drying rammed earth (see Fig. 10 ).
Drying rate was determined for the test bodies. The points of interest in this paper are amount of moisture 50 % and 15 % from original value. From the values Figure 9 . The pressing down to the mould.
obtained the drying time from experiment start we tried to determine the drying time of a universal wall.
The Measured Data
The set KRIII is the set of the earth mixture for this drying rate experiment (see Table 2 ). Number of the test bodies of every height were 3. Total of 12 test bodies were used for the experiment.
The weighing interval was 15 to 60 minutes in the first 12 hours after production of the test bodies. After first 24 hours the weighing interval was extended.
The moisture content was calculated by Equation 2. The shape of the moisture content curve in time is shown in Fig. 11 . A total time for this experiment was approximately 7 day (exactly 167.25 hours). The moisture content after 7 days were 0.6 % to 0.9 % (approximate decrease by 85 % from original value of the moisture content). The main decrease of the moisture content was in the first 24 hours. The moisture content after first 24 hours were 2 % to 2.9 % (approximate decrease by 65 % from original value of the moisture content).
The moisture content 50 % from original value was reached after 8 to 16 hours depending on the height of the test bodies (see Fig. 12 ). Dependence between the drying rate and the thickness of the rammed earth appears to be linear (see Fig. 13 ). Time to reach 50 % from original value of the moisture content of different thickness rammed earth is possible determine by drying coefficient f dry . The drying coefficient is defined by Equation 3 . the values obtained is possible to predict that, for example, a 30 cm thick rammed earth wall will dry out from 50 % in approximately 2.25 days. This prediction was done using Equation 4 . 
The decrease of the moisture content from 85 % from original value was reached after 70 to 123 hours depending on the height of the test bodies (see Fig. 14) . Dependence between the drying rate and the thickness of the rammed earth appears to be linear (see Fig. 15 ). From the time to reach 85 % of the original value of the moisture content of different thickness rammed earth is possible to determine the drying coefficient.
The drying coefficient for 85 % decrease of the moisture content was calculated 14.9 hour/cm from the moisture content values obtained (see Equation 3 ). Base on the values obtained it is possible to predict that, for example, a 30 cm thick rammed earth wall will dry out from 85 % approximately 18.6 days. This prediction was done using Equation 3.
Conclusions
The rammed earth structures are usually load-bearing types and that is the reason why it is necessary to know how long after their production the rammed earth has its final properties (in particular mechanical properties). Determination of drying time of the rammed earth of the known composition (set KRIII, see Table 2 ) was the goal of the drying rate experiment described in this paper.
The decrease of the moisture content was calculated from the measured values of weights of the test bodies. The drying coefficient was determined for the calculation of the drying time of the different thickness rammed earth walls.
The points of interest were 50 % decrease of moisture content from original value and 85 % decrease of moisture content from original value. The prediction of drying time is determined by using the drying coefficient.
From the obtained values was predicted that 30 cm thick walls will dry out from 50 % of the original moisture content approximately in 2.25 days. The drying coefficient for this value is 1.8 hour/cm. The same walls will dry out from 85 % of original moisture content approximately 18.6 days. The drying coefficient for this value is 14.9 hour/cm. 
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